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I. An apparatus for analyzing a proco5S of fluid flow lomprising; a llirro- 
<ii:n*:nsional iii;/;lrl conslructiiig means for omstrui ling a ;lir.-.- *liiiifn>i««nal niw.l.-l 
aivi.lrd into a plurality of small €-lt;monts lo ropn-stMii iii \rn<\ a pari of a cavity 
whore fluiil flows, a flow coiidnttano! determining moans for drifrminiiig tho flow 
conductance k of the fluid ;us a small \alue whtin the small elnncnl coiurrnod is 
localr<l close Ic the cavity wall surface and delrrmining tlu- llv»w conductance k of 
the fluid as a large value when the small cleujenl is located far away, and a pres- 
sure computing means for finding the pressures of the fluid at said resptxtivc small 
elements based on said flow conductances k. 

3. An apparatus for analyzing a process of fluid flow comprising; a three- 
d'mensional model constructing means for constructing a three-dimensional model 
divided into a plurality of small elements to represent at least a part of a cavity 
where fluid flow.^, a flow conductance determining means for determining the flow 
conductance k of the fluid as a small x-alue when the small element concerned is lo- 
cated close to the cavity wall surface and determining the flow conductance k of the 
fluid as a large value when the small element is located far away, and a flow velocity 
computing means for finding the flow velocities of the fluid at said respective small 
elements based on said flow conductances k. 
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INVENTION TITLE: 

An apparatus and method for analyzing a process of fluid flow, an apparatus 

and method for analyzing an injection molding process, an injection molded 

product, and a production method of the injection molded product 



The following statement is a full description of this invention, including the best method 
of performing it known to me/us:- 



Technical Field 



The present invention relates to an apparatus and method for analyzing a process 
of fluid flow by finding the pressures or pressure transitions or flow velocities of the 
fluid in the process of fluid flow, and an apparatus and method for analyzing an 
injection molding process by applying said apparatus or method, and a method for 
producing ati injection molded product by determining the moldmg conditions using 
said method for analyzing an injection molding process, and an injection molded 
product produced by sud method. 

Background of the Invention 

In general, methods for analyzing processes of fluid flow such as injection molding 
processes by reproducing the injection molding processes, etc. using computer sim- 
ulation are widely practically used. The following description is mamly concerned 
with the methods for analyzing injection molding processes as typical methods for 
analyzing processes of fluid flow. 

These injection molding process analyzing methods contribute to achieving higher 
quality, higher efficiencies and lower costs in the product development of injection 
molded products, etc. For example, these methods are disclosed in Japanese Patent 
Laid-open Nos. 91-224712, 92-152120, 92-305424, 92-331125. etc. These injection 
molding process analyzing methods use two-dimensional models for finding the pres- 
sures, temperatures, shear stresses, etc. at respective portions. 

In these conventional injection molding process analyzing methods, since a two- 
dimensional model is used as the model of an injection molded product, the respec- 
tive portions of the injection molded product are divided into many two-dimensional 
small elements such as triangles and rectangles, and the pressures, temperatures, 
shear stresses, etc. at the respective small elements are found by a numerical anal- 
ysis technique using a computer. 

In the conventional injection molding process analyzing methods, when the shape 
of an injection molded product can be approximated by combining two-dimensional 
figures, for example, when the thickness of the injection molded product is thin for 
the entire size of the injection molded product, the results obtained by analysis can 

be highly accurate. . . , n 

However, when the molded product is more than 5 mm in thickness or generally 
small such as a connector, the conventional analysis methods do not allow highly 



accurate analysis since llie three-dimensional flow such a^ flow in the thickness 
direction becomes very influential. Moreover, even when the molded product is 
thin, the conventional methods of using plane elements give little useful information 
in the accurate analysis of local flow condition as in a step shape portion or corner 
shape portion of the product. 

For example, when the molded product is T-shaped, the conventional injection 
molding process analyzing methods cannot accurately express the form of the inter- 
section since a two-dimensional model as shown in Fig. 13 is used. 

So, it can be considered to analyze using a three-dimensional model as shown 
in Fig. 3 by a general method of computational fluid analysis such as the finite 
element method or finite difference method. In this case, the model to be analyzed 
is divided into three-dimensional small elements such as hexahedrons, triangular 
pyramids and triangular poles. If such a model is used for analysis by a general 
method of computational fluid analysis, an actual shape can be accurately modeled, 
to allow analysis at higher accuracy. 

However, the application of such a general method of three-dimensional analysis 
requires a large volume of computation, to take a very long computing time unprac- 
tically. The reasons are as follows. The flow in an injection molding process is a 
moving boundary problem in which the filled region expands with the lapse of time. 
Furthermore, in general, the material to be injectjon-molded is a non-Newtonian 
fluid, the viscosity of which for having a flow property changes depending on the 
temperature and shear rate, and the temperature which decides the viscosity also 
changes every moment with the lapse of time. Thus, the three-dimensional analysis 
of complicated flow requires enormous computing time and memory requirement. 
So, it has been practically diflScult to achieve higher efficiency or cost reduction by 
such a simulation ii&stead of the trial manufacture by an actual machine. 

Therefore, when an injection molded product is produced based on the mold- 
ing conditions of the injection molded product found by any conventional injection 
molding process analyzing method and apparatus as mentioned above, cither or 
both of the problems occur, that the injection molded product cannot be produced 
under preferable conditions because of unsatisfactory analysis accuraqr and that the 
productivity is very low. 

The injection molded product obtained under this manufacturing process has 
problems in view of strength, etc. since it cannot be produced under optimum 
conditions. 

Summary of the Invention 

In view of the above problems, the first object of the present invention is to 
present an apparatus and method for analyzing a process of fluid flow which accu- 
rately reproduces the shape of the flow channel of the fluid using a three-dimensional 
model and performs precise analysis within a practical computing time. 

The second object of the present invention is to present an apparatus and method 
for analyzing an injection molding process which accurately reproduces the shape of 
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the molded product using a thr<:e-dimcnsioiial model and performs precise analysis 
within a practical computing time. 

The third object of the present invention is to present a method for efficiently 
producing an injection molded product of high quality by determining such mold- 
ing conditions as product shape, mold design and material selection by using said 
injection molding process analyzing apparatus. 

The fourth object of the present invention is to present an injection molded 
product produced under optimum conditions using said injection molded product 
producing method. \ 

The present invention presents an apparatus for analyzing a process of fluid 
flow comprising; a three-dimensional model constructing means for constructing a 
three-dimensional model divided into a plurality of small elements to represent at 
least a part of a cavity where fluid flows, a flow conductance determining means 
for determining the flow conductance k of the fluid as a small value when the small 
element concerned is located close to the cavity wall surface and determining the 
flow conductance k of the fluid as a large value when the small element is located 
far away, and a pressure computing means for finding the pressures of the fluid at 
said respective small elements based on said flow conductances k. 

The present invention also presents an apparatus for analy/^ing a process of fluid 
flow comprising; a three-dimensional model constructing means for constructing a 
three-dimensional model divided into a plurality of ^mall elements to represent at 
leas', a part of a cavity where fluid flows, a flow conductance determining means 
for determining the flow conduc*ance k of the fluid as a small value when the small 
element concerned is located close to the cavity wall surface and determining the 
flow conductance k of the fluid as a large value when the small element is located far 
away, and a pressure transition computing means for finding the pressure transitions 
of the fluid at said respective small elements based on said flow conductances k. 

The present invention also presents an apparatus for analyzing a process of fluid 
flow comprising; a three-dimensional model constructing means for constructing a 
three-dimensional model divided into a plurality of small elements to represent at 
least a part of a cavity where fluid flows, a flow conductance determining means 
for determining the flow conductance k of the fluid as a small value when the small 
element concerned is located close to the cavity wall surface and determining the 
flow conductance k of the fluid as a large value when the small element is located 
far away, and flow velocity computing means for finding the flow velocities of the 
fluid at said respective small elements based on said flow conductances k. 

The present invention also presents a method for analyzing a process of fluid flow 
comprising; constructing a three-dimensional model divided into a plurality of small 
elements to represent at least a part of a cavity where fluid flows, determining the 
flow conductances k of the fluid at the respective small elements, finding the pres- 
sures of said fluid at said respective small elements based on said flow conductances 
K determined, and analyzing the flow process of said fluid by said pressures found. 
The present invention also presents a method for analyzing a process of fluid 
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flow comprising: constructing a three-dimensional nio.lcl divided uiU, a plurahly of 
small elements to represent at least a part of a cavity where fluid lloxvs, determining 
the flow conductances k of the fluid at the respective small elements, finding ihe 
pressure transitions of said fluid at said respective small elements based on said 
flow conductances k determined, and analyzing the flow process of said fluid by said 

pressure transitions found. , n . . 

The present invention also presents a method for analyzing a process of fluid 
flow comprising; constructing a thre^dimensional model divided into a plurality of 
small elements to represent at least a part of a cavity where fluid flows, determining 
the flow conductances k of the fluid at the respective small elements, finding the 
flow velocities of said fluid at said respective small elements based on said flow 
conductances « determined, and analyzing the flow process of said fluid by said flow 

velocities found. ro - .a ' 

In a preferred embodiment of said method for analyzing a process of fluid flow 
of the present invention, the flow conductance *c at each of said small elements is 
determined by a function F{R,r]) which increases according to the increase of the 
minimum distance R between the small element and the cavity wall surface, and 
decreases according to the increase of the viscosity 17 of said fluid. 

In another preferred embodiment of said method for analyzing a process of fluid 
flow of the present invention, the flow conductance k at each of said small elements 
is determined by solving the following equation; 

d^K d^K d^K ^ 1 

(where 17 is the viscosity of said fluid; and i, y and z represent the position of 

said small element). • • • u 

The present invention also presents an apparatus for analyzmg an injection mold- 
ing process comprising; a three-dimensional model constructing means for construct- 
ing a three-dimensional model divided into a pluraUty of smaU elements to represent 
at least a part of an injection molded product, a flow conductance determining means 
for determining the flow conductance <c of the material to be injection-molded as a 
small value when the small element concerned is located close to the mold surface 
and determining the flow conductance k of the material to be injection-molded as 
a large x-alue when the smaU element is located far away, and a pressure comput- 
ing means for finding the pressures of the material to be injection-moldcd at sa: : 
respective small elements based on said flow conductances k. 

The present invention also presents an apparatus for analyzing an injection mold- 
ing process comprising; a three-dimensional model constructing means for construct- 
ing a three-dimensional model divided into a pluraUty of small elements to represent 
at least a part of an injection molded product, a flow conductance determining means 
for determining the flow conductance k of the material to be injection-molded as 
a small value when the small element concerned is located close to the mold sur- 
face and determining the flow conductance « of the material to be injection-molded 



as a large value when the small cleiiR'tit is located far away, and a |>n;ssiirc tran- 
sition computing means for fmding (he pressure transitions <if the material lo he 
inject ion- molded at said respective small elements basetl on said How conductances 

The present invention also presents an apparatus for analyzing an injection mold- 
ing process comprising; a three-dimensional model constructing means for construct- 
ing a three-dimensional model divided into a plurality of small elements to represent 
at least a part of an injection molded product, a flow conductance determining means 
for determining the flow conductance k of the material to be injection-molded as a 
small value when the small element concerned is located close to the mold surface 
and determining the flow conductance k of the material to be injection-molded as 
a large value when the small element is located far away, and a flow velocity com- 
puting means for finding the flow velocities of the material to be injection-molded 
at said respective small elements based on said flow conductances k. 

The present invention also presents a method for analyzing an injection molding 
process comprising; constructing a three-dimensional model divided into a plural- 
ity of small elements to represent at least a part of an injection molded product, 
determining the flow conductances k of the material to be injection-molded at the re- 
spective small elements, finding the pressures of the material to be injection-molded 
at said respective small elements based on said flow conductances k determined, 
and analyzing the injection molding process of the injection molded product, by 
said pressures found. ^ 

The present invention also presents a liiethod for analyzing an injection molding 
process comprising; constructing a three-dimensional model divided into a plural- 
ity of small elements to represent at least a part of an injection molded product, 
determining the flow conductances k of the material to be injection-molded at the 
respective small elements, finding the pressure transitions of the material to be 
injection-molded at said respective small elements based on said flow conductances 
K determined, and analyzing the injection molding process of the injection molded 
product, by said pressure transitions found. 

The present invention also presents. a method for analyzing an injection molding 
process comprising; constructing a three-dimensional model divided into a plural- 
ity of small elements to represent at least a part of an injection molded product, 
determining the flow conductances k of the material to be injection-molded at the 
respective small elements, finding the flow velocities of the material to be injection- 
molded at said respective small elements based on said flow conductances k deter- 
mined, and analyzing the injection'molding process of the injection molded product, 
by said flow velocities found. 

In a preferred embodiment of said method for analyzing an injection molding pro- 
cess of the present invention, the flow conductance k at each of said small elements 
is determined by a function F{R^fj) which increases according to tlie increase of the 
minimum distance R between the small element and the mold surface, and decreases 
according to the increase of the viscosity 17 of said material to be injection-molded. 



Ill another prcftrrred eiiibodiiiienl of saiil iiiclliod for aiialyziii}; an iiijtxiioii iiH.l.i- 
iiig process of the present invention, ihr flow conductance k al each of said small 
elements is determined by solving the following equation: 

d^K &^ d'K ^ !_ 

(where i] is the viscosity of said material to be injection-molded; and x, y and r 
represent the position of said small element). 

The present invention also presents a method for producing an injection molded 
product comprising; determining the molding conditions of an injection molded 
product, constructing a three-dimensional model divided into a plurality of small 
elements to represent at least a part of said injection molded product, determining 
the flow conductance ic of the material to be injection-molded, as a small value when 
the small element concerned is located close to the mold surface while determining 
the flow conductance k of the material to be injection-molded, as a large %'alue when, 
the small element is located far away, finding the pressures of said material to be 
injection-molded, at the respective small elements based on the flow conductances 
K determined, finally deciding molding conditions based on the distribution of the 
pressures thus found, and producing the injection molded product based on said 
finally decided molding conditions. 

The present invention aiso presents a method for producing an injection molded 
product comprising; determining the molding conditions of an injection molded 
product, constructing a three-dimensional model divided into a plurality of small 
elements to represent at least a part of said injection molded product, determining 
the flow conductance k of the material to be injection-molded, as a small value 
when the small element concerned is located close to the mold surface while deter- 
mining the flow conductance k of the material to be injection-molded, as a large 
value when the small element is located far away, finding the pressure transitions 
of said material to be injection-molded, at the respective small elements based on 
the flow conductances k determined, finally deciding molding conditions based on 
the distribution of the pressure transitions thus found, and producing the injection 
molded product based on said finally decided molding conditions. 

The present invention also presents a method for produdng an injection molded 
product comprising; determining the molding conditions of an injection molded 
product, constructing a three-dimensional model divided into a plurality of small 
elements to represent at least a part of said injection molded product, determining 
the flow conductance k of the material to be injection-molded, as a small value when 
the small element concerned is located close to the mold surface while determining 
the flow conductance k of the material to be injection-molded, as a large value when 
the small element is located far away, finding the distribution of flow velocities 
of said material to be injection-molded, at the respective small elements based on 
the flow conductances ic determined, finally deciding molding conditions based on 
the distribution of flow velocities thus found, and producing the injection molded 



i.rmliici bjusctl on said finaHy a.xidtH| ,iu>^^^^^^ . 
'to present invention also presents a method for produc.ng an .njec..on .nolded 
prodlt in ..vhich said niolding conditions include any one of tl.e shape of sa.d 
■Z^u llded product. n.old conHguration, injection sped, mold tc.npcrature 

^•"^rpt"e :tlrrito presents an injection molded product produced by 
any one of the above production methods. 
Brief Description of the Drawings 

Fig. 1 is a diagram showing an e.<ample of the hardware configuration of the 
appa^tus for analysing a process of fluid flow (injection moldmg process) of the 

'^"tj^'al^chartshowing an example of the procedu^^^ 

process anab'zing method and the injection molded product producmg method of 
"^'^^tZ, showing an example of a three-dimensional model divided 

into small elements used in the present mvention. j^t„m5nin<r the 

Fig. 4 is a conceptual view showing an e.Kample of a method for determinmg the 

flow conductances used in the present invention. . ^ r j . • • .u 

r^ tt a conceptual view showing an example of a method for determinmg the 

flow conductances used in the present invention. ^ 
Fig. 6 is a drawing showing how the small elements of an object are deeded as 

an example of the present invention. ,^ . u *• fl^*.. 

fT? is a drawing showing the results of computmg the distribution of flo. 
conductances k at a cross section of an injection molded product m an example of 

^'^Ts^ls —r line diagram showing the results of analyzing the pr^su. 
distribution inside an injection molded product based on the distribution of flow 

^""s" cVnLuf line diagram showing the results of analyzing the distribution 
of pressure transitions inside an injection molded product based on the distribution 

of flow conductances k of Fig. 7. , , . j- * u r^r. /^f flow 

Fie 10 is a diagram showing the results of analyzmg the distribution of flow 
velocuies of a material inside an injection molded product based on the distribution 

°' h:w?m'^^^^^^^^^^ of an object are decided as an example of the 

present i-nUoj; ^^^^^^^ ^^^^^^ , 
bution of flow conductances k at a cross section of an injection molded product as 
an example of the present invention. . .„ » » ^Utrl 

Fig. 13 is a drawing showing the results of computation to lUus rate the distr. 
bution of flow conductances k at a cross section of an injection molded product as 
an example of the present invention. 



Fig, 11 is a contour liijo <lia»5ram sliowinjr. th«; rcsiilis \»( ;niaI\ xiiP4 I If |>p.ss»ii »: 
distribulion inside an injection mhiM«;(I pruiiuct based on the i)is(ril>ii(i<in *ff Wow 
conduclauccs n of Fig. 13. 

Fig. 15 is a contour line di;i|^rani sho;ving the results of analyzing tlie dist ribution 
of pressure transitions inside an injection molded product based on the distribution 
of How conductances k of Fig. 13. 

Fig. 16 is a diagram showing the results of analyzing the distribution of flow 
velocities of a material inside an injection molded product based on the distribution 
of flow conductances k of Fig. 13. 

Fig. 17 is a drawing showing a two-dimensional model divided into small elements 
used io the conventional analysis of injection molding process. 

Detailed Description of the Preferred Embodiments 

Preferred embodiments of the injection molding process analyzing apparatus and 
method as an example of the apparatus and method for analyzing a process of fluid 
flow of the present invention are described below in detail in reference to drawings. 
A preferable embodiment of the injection molded product producing method is also 
described below. 

Fig. 1 is a diagram showing an example of the hardware configuration of the 
injection molding process analyzing apparatus of the present invention. A com- 
puter 101 is connected with an input device 103, a display 104 and a sub-storage 
system 102. The input device 103 receives, for example, the data of the injection 
molding conditions of the injection molded product to be analyzed and of the three- 
dimensional model. The data are stored in the sub-storage system 102. The operator 
instructs the computer 101 to read the data into the RAM (random access memory) 
contained in it and to analyze. The results obtained by analysis are displayed, for 
example, by the display 104. As needed, the operator can modify the injection mold- 
ing conditions and re-analyze. The analyzed results can also be outputted into a 
printer provided separately or stored in the sub-storage system 102. In this case, the 
outputted results can also be used, for example, as input data of another analyzer. 

Fig. 2 is a flow chart showing an example ci the procedure in the injection 
molding procej;s analyzing apparatus and method of the present invention and in 
the injection molded product producing method using said apparatus. 

In the analysis of injection molding process,. at first, the injection molding con- 
ditions of the injection molded product (such as the shape of the injection molded 
product, mold configuration, injection speed, injection temperature, mold tempera- 
ture and injection molded material) are entered (Step 1). Then, the shape is three- 
dimensionally divided into small elements to construct a three-dimensional model of 
the product, for example, as shown in Fig. 3 (Step 2). In succession, the flow conduc- 
tances K at the respective small elements are determined (Step 3). -Subsequently, 
the pressures of the material to be injection-molded (hereinafter called ^material 
pressures^) at the respective small elements are found using the flow conductances 
K at the respective small elements determined in Step 3 (Step 4). In this case, the 



pressure transitjons at llie rcspi-ct iv« small ..-kMiu-iHs may als.- I..- Iw.in.i ii.st. a.j. A- 
a further other inelhod, the How vdocilics of the uiali.rial to ! - u.je. lio.,-,..<..|.|..-«i ;u 
the respective small elements mav also be found from the fonn.l ..li>:lribuiiui. of ma- 
terial pressures or dirccllv. The results thus obtaine<l by analysis arc. for ..-xainpl.-. 
graphically processed, to be expressed as contour lin«js or as a graph (Step o). I h.: 
results can also be outputtcd oi.to a printer, etc. as described above. 

When an injection molded product is produced using the analyzed results of in- 
jection molded process, the pressures, pressure transitions or How velocities obtained 
as above are c\-aluated (Step 6). This evaluation is performed, for example, by judg- 
ing that a molding failure is highly liable to occur when there is any region with 
an abnormal pi«ssure, pressure transition or fluid velocity. If any niolding failure 
is predicted from the results obtained by analysis, the injection molding conditions 
are modified (Step 7), and analysis is carried out again from Step 1. These steps are 
repeated, and when the results assure a prediction that good injection molding can 
be achieved, the injection molding is carried out according to the injection molding 
conditions, to produce the intended injection molded product (Step S). 

The methods for finding the material pressures, pressure transitions and flow 
velocities at the respective small elements are described below in detail. 

To find the material pressures in injection molding, the generally known conti- 
nuity equation (1) is used. The equation expresses that the sum of the incoming 
flow'into a given region in the fluid and the outgoing flow from the region is zero, 
and holds when the fluid is assumed to be incompressible. When the fluid is com- 
pressible, the right hand side does not become zero, though the following discussion 
similarly holds; OU dV dW _^ 

where i, y and z are three-dimensional coordinates of space, and U, V and U" 
are the flow velocities of the material to be injection-molded in the directions of 
the respective coordinate axes. This equation (1) is an equation with U, V and 
W as unknown variables, and in general, it is said necessary to solve a momentum 
equation with this equation and the shear stress derived from pressure P and flow 
velocity as unknown variables. So, when three-dirtiensional flow is handled, there 
are four unknown N-ariables. 

The inventors found that the computing time can be greatly reduced by using the 
following equations (2) for solving the equation (1), to eliminate the flow velocities 
U, V and W in the respective directions from the equation (1), thereby decreasing 
the number of unknown wiables from four to one only of pressure. In this case, 
the computing time in the use of a three-dimensional model can be decreased to 
about 1/16 and the required RAM volume of the computer, to about 1/4. Thus, 
for the first time, the analysis of a three-dimensional injection molding process at a 
practical speed and accuracy can be achieved; 
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In the above equations (2), k is a flow conductance. The equations (2) arc called 
Darcy's flow equations, which express porous flow. That is, it is assumed that 
the flow velocities L\ K and IV in the respective directions of three-dimensional 
coordinate axes x, y and z are proportional to the pressure gradients, etc. in the 
respective directions. 

Substitution of the equations (2) into the equation (1) gives the following equa- 
tion (3); 



The equation (3) is the same in form as a general equation expressing thermal 
conduction, in a thermal conduction problem, for a given region which is divided 
into small elements, the temperature distribution in the r^ion can be obtained by 
such a numerical analysis method such as the finite element method, finite difference 
method or control volume method by presetting the temperature T or temperature 
gradient at the boundary as a boundary condition. Therefore, if the pressure P or 
pressure gradient of the boundary is set as a boundary condition for a given region 
which is dividend into smaU elements, the equation (3) can be similarly solved by 
using an analysis method or analysis program for thermal conduction problems, and 
the pressure distribution of a material can be obtained. 

For the setting of boundary condition, for example, the pressure gradient value 
obtained from the injection pressure values or injection flow rates is set at the 
material inflow portion, then the pressure gradient zero is set at the boundary in 
contact with the mold surface since neither inflow nor outflow occurs, atmospheric 
pressure being set as the pressure of the flow front portion with free surface. 

Furthermore, since the material filled region increases with the lapse of time in 
injection molding, the pressure distribution also changes with the lapse of time. Such 
temporal change of pressure distribution (distribution of pressure transitions) can be 
obtained by solving the equation (3) again by finding the shape of the filled region 
\«aried according to the overall quantity of the newly filled material. The varied 
shape of the filled region can be found by the control volume method or FAN(Flow 
Analysis Network) method, etc. used in the conventional injection molding process 
analyzing methods. 

The flow velocity can be simply obtained, for example, by obtaining the pressure 
distribution P as described above and substituting it into the equation (1). 

An actual injection molded product may have a region as thin as allowing to 
disregard the thickness-oriented flow of the material to be injection-molded. Such a 
region may be analyzed two-dimensionally using a two-dimensional model and using 
the following equations (4) instead of the equations (2). This can further raise the 




overall computational speed; 



where H is Mu: thickness of the material flow channel, and 17 is the viscosity. 

The method for determining the flow conductances k in Step 3 of Fig. 2 is 
described below in detail. 

For a portion in which the injection molding process is analyzed using a two- 
dimensional iPodeU the flow conductance can be singly determined from the flow 
channel shape and the viscosity as shown in the equations (4), and the use of the 
value is preferable. 

In the analysis using a three-dimensional model, k can be preferably determined, 
for example, by the following method found by the inventor. 

The inventor found that the flowability of the material to be injection-molded 
becomes higher according to the increase of distance from the mold surface and 
lower according to the decrease of distance. Therefore, generally it is preferable to 
determine the flow conductance as a small value when the small element concerned 
is located close to the mold surface and as a large value when far away. Therefore, 
the assumption that the flow conductance k changes according to a function showing 
such a tendency gives a good approximation in the results of the analysis. That is, 
it is preferable to use the following equation (5) as the flow conductance k in such 
a case: 

^ = F{R,7il (o) 

where R is the minimum distance from the center of gravity of the element 
concerned to the mold surface or the minimum distance from the apex of the element 
concerned to the mold surface, and rj is the viscosity. 

The function F of the equation (5) increases the flow conductance k according 
to the increase of distance from the mold surface, i.e., the increase of R since the 
effect of friction force between materials is lower, and decreases the flow conduc- 
tance K according to the increase of viscosity t] since the flowability is lower. It is 
defined as a function to increase k according to the increase of R and decreas^ k 
according to the increase of 17, for example, like k = aR/rj + 6. In this case, a is a 
positive proportional coefficient, and b is a coeflScient showing the flow conductance 
at H = 0, that is, at the mold surface. These constants a and 6 are determined, 
for example, by experimenting typical injection molded products, etc. The linear 
equation concerning R/ti stated here has a feature that the computation is com- 
pleted in a short time, as the simplest mode to express function F . Depending on 
the type of injection molded product, another equation which gives analyzed results 
well agreeing with the actual results of molding can also be used. 

Furthermore the viscosity fj depends on the temperature, shear rate, etc., and caui 
be expressed by an approximation as shown in the equation (6). In the equation, 
B and C are coeflScients peculiar to the material and can be experimentally obtained 
by a viscosity measuring instrument. If the approximate value of viscosity obtained 
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bv the equalici. (C) is oubstitulcd into the cqualion (5), tiic effect of ll.e cliange 
of viscosity caused by the cl.anges of shear rate and temperature can be simply 
incorporated into the computation of How conductance; 

i; = A X (Shear rate)* x exp(C x temperature). (C) 

The flow conductance k can also be obtained as described below. 

The inventor found a method for obtaining the flow conductance k by solving 
the differential equation shown in the equation (7), where i, y and z are the three- 
dimensional coordinate axes of space, and ij is the viscosity; 

d'/c (7) 

The inventor found that the equation (7) can be obtained by substituting the 
first equation of the equations (2) into the equation (S) expressing the force bala.ice 
in a flow field dominated by viscous force, to eUminate the flow velocity U. and 
neglecting the 2nd order derix-ative terms concerning the x, y and r of pressure 
P. The neglect of the 2nd order derix-ative terms allows « to be obtained by the 
following simple method; 

The equation (7) is the same in form as a general equation expressing thermal 
conduction. It is known that in a thermal conduction problem, if the temperature 
r or temperattire gradient of the boundary is preset as a boundary condition for a 
region with a given shape, the temperature distribution in the region can be obtained 
by such a numerical analysis method as the finite element method, boundary element 
method, finite difference method or control wlume method, etc. Therefore, if the 
equation (7) is solved by setting a boundary condition that k at the mold surface 
as the boundary is zero, a distribution of ic smaUer at a position closer to the 
mold surface and larger at a position far away can be obtained using any analysis 
method or analysis program for solving thermal conduction problems. The boun.-Ury 
condition of <c = 0 corresponds to the assumption that the speed at the mold surf»:e 
is zero, as can be seen from the equation (1). The slip at the mold surface can also 
be considered if a small value such as « = O.Olmm'APa se^Jis used instead of zero. 

If the approximate value of the viscosity by the equation (6) is substituted into 
the equation (7), the effect of the change of the viscosity caused by the changes of 
shear rate and temperature can also be simply incorporated into the computation 
of flow conductance. 

This method allows the flow conductance to be obtained accurately for a given 
shape though a longer computing time is taken for the necessity of solving the 
thermal conduction equation, compared to the method of determining the flow con- 
ductance K using the above equation (5). Furthermore, since the equation (7) is 



derived based on the equation (S) Vvliich is an equation to oxprc-ss the force balance- 
in a flow field dominated by the viscous force as describe<l above, the x-alue obtained 
is more highlv ohvsicallv consistent tl.an that obtained by tlie method of using the 
equation (5).' Therefore, always highly accurate results of analysis can be obtained 
irrespective of the shape of the injection molded product, the model divided into 
small elements, etc. i u 

For example, let us consider cases where small elements with sectional shapes 
as shown in Figs. 4 and 5 are used. The flow conductance determining method 
using the equation (5) allows the flow conductances to be accurately ^nd quidkly 
determined whcD the small elements are divided regularly as shown in Fig. 4, but 
if the small elements are irregularly formed as shown in Fig. 5, since the centers of 
gravity of the adjacent elements cannot be constant in reference to the mold surface, 
the flow conductances obtuned may be inaccurate. 

In general, the division into small elements used for numerical analysis can be au- 
tomatically performed by a program called a pre-processor, and especially » ~mpl.- 
catedly shaped product with many protrusions and holes can also be easily divided. 
The automatic division generally makes the smaU elements shaped irregularly but 
the method using the equation (7) can minimize the efi^ect of the shapes of small ele- 
ments and allows highly accurate analysis even if applied to a complicatedly shaped 

injection molded product. . , , , . . .u 

In addition to the above, there are various other method?, for determining the 
flow conductances, and especially in the case of special shapes, any method for 
achieving high computational accuracy and computational speed can be considered. 

The following describes the method for producing an injection molded product 
bv analyzing the injection molding process by the above mentioned method and 
deciding the injection molding conditions based on the analyzed results. 

The distribution of material pressures, pressure transitions or the flow velocities 
of the material to be injection-molded in the case where an injection molded prod- 
uct is produced under the injection molding conditions given can be obtained as 
described above. In this case, the results can be used for modifying and deading 
the injection molding conditions as described below. 

In general, to obtain a less strained molded product at low stresses in injec- 
tion molding, the material pressures should be desirably as low as possible, and 
the pressure gradient should also be preferably as uniform as possible without any 
extremely sharp portion and without any extremely gentle portion. Also in the 
temporal change of pressure, the occurrence of peak pressure due to sharp pressure 
rise is not preferable. If such pressure criteria are applied, the acceptability of the 
molding state can be judged. Furthermore, it is preferable to apply criteria based 
on the flow velocities obtained as described above. 

The molded state can abo be judged based on the flow velocity gradient, shear 
rates and stresses, or the filUng pattern, etc These data can be simply obtained by 
processing the information on the pressure distribution, pressure transition distribu- 
tion or flow velocity distribution obtained by the corresponding method described 
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above. For example, the shear rale can be defined as tlic speed gradient among the 
small elements, and the shear stress can be obtained by nuiltiplying the shear rate- 
by the viscosity of the material, and the filling pattern in the filling region can be 
analyzed by sequentially deciding the region filled next in reference to the speed of 
the flow front. 

When any failure is expected by the ;i .'Ove judging method, a flaw-less injection 
molded product can be produced by correcting the mold design, product design, 
molding conditions or material used, according to the methods described below. 

The first correction method is to correct the mold configuration, for modifying 
the material Row channel, etc. The mold configuration in this case means the 
material flow channel from the injection nozzle of the material to the product shape 
portion which are generally called the spur, runner and gate. For example, if the 
pressure loss is judged to be too large since the flow length from the nozzle to the end 
of cavity is too long, the flow length can be shortened by branching the runner for 
allowing the material to flow through plural gates into the product shape portion. 

The second correction method is to correct the shape of the injection molded 
product for modifying the material flow channel. For example, if the pressure gra- 
dient at the product shape portion is so large as to threaten large straining, the 
product can be increased in thickness to lessen the pressure gradient. 

The third correction method is to modify such a molding condition as the injec- 
tion speed, material temperature or mold temperature. For example, if the pressure 
rises heavily at the material inlet at a certain time threatening diflficult molding, the 
pressure rise can be lowered by lowering the injection speed at that time or raising 
the material temperature and/or mold temperature. 

The fourth correction method is to change the material to be injection-molded. 
For example, if the material pressure loss is so large as to threaten difficult molding, 
the adoption of zny highly flowable material low in viscosity can lower the pressure 
loss. 

The above correction methods can be adopted individually or as a combination. 
Moreover, it is preferable to use an expert system, etc. for automatically performing 
the above correction. 

The injection molding conditions arc re-examined as described above, and anal- 
ysis is performed again using the above mentioned injection molding process analyz- 
ing apparatus under the conditions conjectured to give preferable injection molding 
results, to repeat this analysis till the injection molding conditions to obtain the 
optimum results can be found. If the injection molding conditions to obtain the 
optimum results are found, the injection molding is performed under the conditions, 
to produce the intended injection molded product. 

The present invention can be applied, in principle, to all the shapes of injection 
molded products, but is especially effective for products liable to suffer the three- 
dimensional shape effects. 

Products liable to suffer the three-dimensional shape effects are thick parts of 
more than 5 mm in thickness, or small parts of about 10 nun in the dimension 



the largest portion even with thin thickness of about 1 to 2 mm in which the effect 
of flow in the thickness direction is relatively liable to occur. Furthermore, three- 
dimensional analysis is effective also for the local flow of a region where the flow 
suddenly changes in thickness direction such as a step shape portion or corner shape 
portion. 

The injection molding process analyzing method of the present invention can also 
be used in combination with any of the conventional two-dimensional methods, and 
for a portion unaffected by three-dimensional flow, the conventional two-dimensional 
elements can be used to achieve higher efficiency of analysis. 

In the present invention, the mold used can be a metallic mold machined by any 
precise machining method such as electric discharge machining of metal. 

The apparatus and method for analyzing a process of fluid flow of the present 
invention can be preferably used for analyzing not only an injection molding process 
but also a general process of fluid flow. For example, the present invention is suitable 
for analyzing a flow process accompanying three-dimensional material flow such as 
the material flow in the extrusion die of extrusion molding, the flow in the screw 
channel of an extruder or the flow in a kneading machine. 

Thus, the present invention can be applied to obtain the pressure distribution, 
pressure transition distribution or material flow velocity distribution during the flow 
in the extrusion die for round bar or flat plate extrusion molding or profile extrusion 
molding. Since the quality of the molded product may be lowered due to material 
retention and thermal degradation in a portion where the pressure gradient or flow 
velocity is close to zero, the extrusion molding conditions such as die shape must 
be determined not to generate any retaining portion. The present invention is also 
suitable for such applications. 

The present invention can also be applied to decide the conditions of design for 
lessening the retaining portions in the screw of an injection molding machine or ex- 
trusion molding machine. Furthermore, the present invention can also be applied to 
the computation of the shear stress distribution in the screw channel of an extruder 
type kneading -machine in a design to maximize the shear stress value. 

Examples 

The fluid flov/ process analyzing apparatus and method of the present invention 
are described below in detail with the injection molding process analyzing apparatus 
and method and the injection molded product producing method as examples in 
reference to the drawings. Fig. 2 is a flow chart showing the procedure in the 
method of the present invention. 

Example 1 

This example is concerned with a molded product with a step portion changing 
from 5 nun to 10 nun in thickness as shown in Fig. 6. 

At first, in Step 1 of Fig. 2, the injection molding conditions (nylon resin as 
the material to be used, 280^Cas the injection temperature, SO^Cas the mold tem- 
perature and 1 second as the fill time) were entered. Then, in Step 2, the shape 
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of the injection molded product was divided into a plurality of throc-d.mens.ona 
small elements 14 so that a three-dimensional model of the product was contructed 
as shown in Fig. 6. In this example, the product xvas divided into regular lattice 
three-dimensional small elements shaped by hexahedrons with eight apexes for each. 

In succession in Step 3 of Fig. 2, How conductances k were obtained from the 
equation (5) (k = aR/n + 6. « = 0.4mm. 6 = 0.0 mm/(Pa.sec). r, = lOOPa-sec). In 
the equation (5), the distance between the mold and the center of gravity of each 
element is represented by R. • j 

Fig. 7 shews the distribution of the flow conductances k m a section obtained 
based on the equation 5 using the small element model of Fig. 6, by contour hnes. 
As can be seen from Fig. 7, at a portion 15 close to the mold surface, the flow 
conductai.ce is dose to zero, and on the other hand at a portion 16 dose to the 
center of the thidcness. the flow conductance is 0.02nt.m/(Fa sec) showrag high 
flowability. It can be seen that the k distribution obtained is smooth 

Subsequently, in Step 4 of Fig. 4. the pressure distribution of the respective 
small elements during injection molding was obtained by so vmg the equation 3) 
based on the k distribution of Fig. 7 using a numerical calculation program similar 
to that for analyzing thermal conduction. Furthermore, in Step 5, these results 
were graphically processed, to obtain a pressure distribution ^J^^ll'^' r^- ^^ 
The pressure range of the pressure distribution was 0.1 to 10 MPa. This diagram 
shows the pressures of the respective small elements by contour lines. The ser.« of 
computation starting from Step 2 was completed in a very short time of about 90 
seconds using an engineering work station. 

Based on the pressure distribution obtained, the pressure transition^distribution 
(Fie 9) and the flow velodty distribution (Fig. 10) were obtained. Furthermore, 
the shear stress distribution, etc. were also obtained. Accordirig to these results 
obtained by analysis, the flow vdodties are 30 to 100 mm/sec, and the shear str«ses 
are 1000 Pa and less. Since it was judged that there was no particular problern 
for injection molding, the injection molded product was produced. The produced 
injection molded product was excdlent in such properties as strength since it was 
produced under optimum conditions. 

If any molding failure is likdy to occur due to the occurrence of an extr«ne 
pressure gradient portion, and so on, the shape of the molded product, the moldmg 
conditions, the material, etc. can be dianged. to repeat the same procedure from 
Step 1, for obtaining adequate product design, mold design, molding conditions, etc. 

ForThi*sLe injection molded product as that of Example 1. the distribution 
of flow conductances k was obtained based on the equation (5) under the same 
conditions as above except that a modd of irregularly divided small elements as 
shown in Fig. 11 was used. As a result, the flow conductance k dianged irregularly 
near the mold boundary as shown in Fig. 12. It can be seen that this 
be physically explained, and is a computation error. The reason is sumused to be 
that the distances between the centers of gravity of adjacent dements and the mold 
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surface, which should be essaUially almost the same, are not the same being affected 
bv the small e!e:nent division method. 
' In this case, it may be dinicult to obtain accurate results by analysis. However, 
the model of irregularly divided small elements as described above can be automali- 
cally simply generated from the shape of an injection molded product, and obtamii.g 
the flow conductances k based on the cjuation (5) is high in computational speed. 
So, the analysis as above can be effectively used for determining approximate con- 
ditions in the beginning to decide the injection molding conditions. 

Example 3 , j « l n 

For the same injection molded product as that of Examples 1 and 2, the small 
element model shown in Fig. 11 as that of Example 2 was used to obtain the distri- 
bution of flow conductances k based on the equation (7), and the distribution was 
used to analyze the injection molding process under the same conditions as in the 

above examples. . • • j 

Fig. 13 shows the distribution of the flow conductances « in a section obtained 
based on the equation (7) using the small element model of Fig. II, as contour lines. 
Though the computing time was slightly longer, the k distribution (distribution 
range: 0 to 0.02mmV(Pa sec)) obtained was smooth like that of Fig. /. 

In succession in Step 4 of Fig. 2, based on the k distribution obtained in Fig. 13, 
the distribution of pressures of the respective small elements during injection mold- 
ing was obtained as a 0.1 to 10 MPa pressure distribution as shown in Fig. 14. Also 
in this case, the pressures of the respective small elements are expressed as contour 
lines. The pressure distribution obtained was almost the same as that shown in 
Fig. S. The series of computation starting from Step 2 was completed in a rather 
longer time of about 160 seconds using the same engineering work station as above. 
If any conventional general numerical calculation method is used to obtain the pres- 
sure distribution for the same object, for example, it takes about 2500 seconds. 

Based on the pressure distribution obtained, the pressure transition distribution 
(Fig 15) and the flow velocity distribution (Fig. 16) were obtained. Furthermore, the 
shear stress distribution, etc. were also obtained. These results were also almost the 
same as those in Example 1. From these results obtained by analysis, it was judged 
that there was no particular problem for injection molding. So, the injection molded 
product was produced. Since the injection molded product was produced under the 
optimum conditions similar to those of Example 1, the product was excellent in such 

properties as strength. 

As in the case of Example 1, if a molding failure is likely to occur due to the 
occurrence of an extreme gradient portion, and so on, the shape of the molded 
product, the molding conditions, the material, etc can be changed to repeat the 
same procedure from Step 1, for obtaining the appropriate product design, mold 
design, molding conditions, etc. 



THE CLAIMS DEFINING THE INVENTION AKE AS FOLLOWS: ,.s 
1. An apparatus for analyzing a process of fluid flow comprising; a thre^ 
dimensional n.odel conslructinK means for conslruclins a tl.rcc-d.nuns.oual modd 
divided into a plurality of small elements to r, pr...rnl at least a part of a cavuy 
where fluid flows, a flow conductance determining means for deternnn.ng the flow 
conductance k of the fluid as a sn.all value when the small elen.ent concerned .s 
located close tc the cavity wall surface and deter.nining the flow conductance k of 
the fluid as a large x-.lue when the small element is located far away, and a pres- 
sure computing means for finding the pressures of the flu.d at sa.d respect.x-e small 
elements based on said flow conductances k. ^ . . „ . . _ 

2 An apparatus for analyzing a process of fluid flow cornpnsmg; a three- 
dimensional model constructing means for constructing a three-d.mens.onal model 
divided into a plurality of small elements to represent at least a part of a cav.ty 
where fluid flows, a flow conductance determining means for determmmg the flow- 
conductance K Of the fluid as a small value when the small element concerned .s 
located dose to the cavity wall surface and determining the flow conductance k of 
the fluid as a large value when the small element is located far away and a pressure 
transition computing means for finding the pressure transitions of the flu.d at said 
respective small elements based on said flow conductances k. 

3 \n apparatus for analyzing a process of flu.d flow compr.s.ng; a three- 
dimensional model constructing means for constructing a three-d.mens.onal model 
divided into a plurality of small elements to represent at least a part of a cav.ty 
where fluid flows, a flow conductance determining means for determ.n.ng the flow 
conductance k of the fluid as a small value when the small element concerned .s \o- 
cated close to the cavity wall surface and determining the flow conductance k of the 
fluid as a large xalue when the small element is located far away, and a flow veloc.ty 
computing means for finding the flow velocities of the fluid at sa.d respect.ve small 
elements based on said flow conductances k. 

4 A method for analyzing a process of fluid flow compr.s.ng; construct.ng a 
three-dimensional model divided into a plurality of small elements to represent at 
least a part of a cavity where fluid flows, determining the flow conduct^ces k of 
the fluid at the respective small elements, finding the pressures of sa.d fluid at 
said respective small elements based on said flow conductances k determined, and 
analyzing the flow process of said fluid by said pressures found. 

5 A method for analyzing a process of fluid flow comprising; constructing a 
three-dimensional model divided into a pluraHty of small elements to represent at 
least a part of a cavity where fluid flows, determining the flow conductances ic of the 
fluid at the respective small elements, finding the pressure transitions of sa|d fluid 
at said respective small elements based on said flow conductances k determmed, and 
analyzing the flow process of said fluid by said pressure transitions found. 

6 A method for analyzing a process of fluid flow comprising; constructing a 
three-dimensional model divided into a plurality of small elements to represent at 
least a part of a cavity where fluid flows, determining the flow conductaiices k of 
the fluid at the respective small elements, finding the flow velocities of said fluid at 
said respective small elements based on said flow conductances ic determined, and 
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analvzing the (low process of said fluid by said velociti«.-s found. 

7 A method of any one of claims 1 through C, wliercin tlic flow conductance k 
at each of said small elements is determined by a function /•'(/?.»/) whicli increases 
according to the increase of the minimum distance R between the small clement and 
the cavity wall surface, and decreases according to the increase of the viscosity ,, .,f 

said fluid. , . . « . 

S A method of any one of claims 4 through 6, wlierein the flow conductance « 
at each of said small elements is determined by solving the following equation: 



(where i? is the viscosity of said material to be injection-molded; and i, y and z 
represent the position of said small element). ^ 

9 \n apparatus for analyzing an injection molding process comprising: a three- 
dimensional model constructing means for constructing a thre<-dimensional model 
divided into a plurality of small elements to represent at least a part of an injection 
molded product, a flow conductance determining means for determining the flow 
conductance k of the material to be injection-molded as a small value when the 
small element concerned is located close to the mold surface and determining the 
flow conductance k of the material to be injection-molded as a large x-ulue when the 
small element is located far away, and a pressure computing means for finding the 
pressures of the material to be injection-molded aid respective small elements 
based on said flow conductances k. 

10 An apparatus for analyzing an injection molding process comprising: a three- 
dimensional model constructing means for constructing a thre^dimensional model 
divided into a plurality of small elements to represent at least a part of an injection 
molded product, a flow conductance determining means for determinmg the flow 
conductance k of the material to be injection-molded as a small value when the 
small element concerned is located close to the mold surface and determmmg the 
flow conductance k of the material to be injection-molded as a large x'alue xvhen 
the small element 'is located far away, and a pressure transition computing means 
for finding the pressure transitions of the material to be injection-molded at said 
respective small elements based on said flow conductances k. 

1 1 An apparatus for analyzing an injection molding process comprising; a three- 
dimensional model constructing means for constructing a three-dimensional model 
divided into a plurality of small elements to represent at least a part of an injection 
molded product, a flow conductance determining means for determining the flow 
conductance ic of the material to be injection-molded as a small value when the 
small element concerned u located close to the mold surface and determining the 
flow conductance k of the material to be injection-molded as a large x'alue when the 
small element is located far away, and a flow velocity computing means for finding 
the flow velocities of the material to be injection-molded at said respective small 
elements based on said flow conductances k. 
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l > A method for analyzing an injcclion molding process comprising,: cousUuct- 
. , . -.ujiofo, nlnralilv of sma cements to represent 
ing a three-dimens,ona modd f f '"^^^ .P'"/;,^^^^^^^^^ flow conductances k 

at least a Dart of an injection nioUleil product, deiennining vu^ . r r .1 

o he mater ll to be injection-molded at the respective sn^all elements, findmg the 
prissu rof the material to be injection-molded at said respective small elements 
b "ed on said ftow conductances k determined and analyzmg the mjecfou moldmg 
process of the injection molded product, by said pressures found. 
' ^3 A methoi for analyzing an injection molding process compr.s.ng; construct- 
ing a hree-dimensional model divided into a plurality of small elements to represent 
at^lealt a part of an injection molded product, determining the flow cond-ta«ces . 
of the material to be injection-molded at the respective snriall elements, finding the 
trZ^Te transitions of the material to be injection-molded at sajd -P-t.ve sm^^^^ 
elements based on said flow conductances « determined, and analyzing he injection 
tSg procl of the injection molded product, by said pressure transitions found. 

iT A method for analyzing an injection molding process compr.s.ng; construct- 
ing a thtedimenional m^del dividei into a plurality of small elements to represent 
at lealt a part of an injection molded product, determining the flo.v conductances 
K of The material to be injection-molded at the respective small elements, f.nd.ng 
the flow Velocities of the material to be injection-molded at sa.d respect.ve small 
eLments based on said flow conductances k determined and analyzing the .njecf.on 
mowing process of the injection molded product, by said flow x-eloc.t.es found 

^ A method of any one of claims 12 through 14, where.n the flow conductance 
K at ea h " said small dements is determined by a function FiR. n) -^-h .ncreases 
according to the increase of the minimum distance R between the small element and 
the mow surface, and decreases according to the increase of the viscosity „ of sa.d 

material to be injection-molded. . ,„i,w.„ tl»». flow 

16 A method according to any one of claims 12 through 14 therein the flo^x 
conductance . .i each of said small elements is determined by solving the following 
equation; 

(where is the viscosity of said material to be injection-molded; and x. y and r 
represent the position of said small element). • • j , „;„ 

17. A method for producing an injection molded product comprising; determin- 
ing the molding con<«tions of an injection molded product, constructing a three- 
dim^nsiona model divided into a plurality of small elements to represent at least 
iTt TslTnjection molded product, determining the flow conductaijce k of the 
mate i^ to be injection-molded as a small value when the small element concerned 
located close ti the mold surface while determining the flow conductance « of the 
material to be injection-molded asalarge^^ue when the sma^^^^^^ 
away finding the pressures of said material to be mjection-nnolded at the respect ve 
sm J; elements baLd on the flow conductances k determined, finally deciding mold- 



ing conditions based on the distribution of tlie pressures thus found, and producing 
the injection molded product ba.sed on said finally decided molding coi.ditions. 

IS. A method for producing an injection molded product comprising; determin- 
ing the molding conditions of an injection molded product, constructing a three- 
dimensional model divided into a plurality of small elements to represent at least 
a part of said injection molded product, determining the flow conductance k of the 
material to be injection-molded as a small value when the small element concerned 
is located close to the mold surface while deterrnining the flow conductance k of the 
material to be injection-molded as a large value when the small element is located far 
away, finding the pressure transitions of said material to be injection-molded at the 
respective small elements based on the flow conductances ic determined, finally de- 
ciding molding conditions based on the distribution of the pressure transitions thus 
found, and producing the injection molded product based on said finally decided 
molding conditions. 

19. A method for producing an injection molded product comprising; determin- 
ing the molding conditions of an injection molded product, constructing a three- 
dimensional model divided into a plurality of small elements to represent at least 
a part of said injection molded product, determining the flow conductance k of 
the material to be injection-molded as a small value when the small element con- 
cerned is located close to the mold surface while determining the flow conductance 
K of the material to be injection-molded as a large value when the small element 
is located far away, finding the distribution of flow velocities of said material to be 
injection-molded at the respective small elements based on the flow conductances 
K determined, finally deciding molding conditions based on the distribution of flow 
velocities thus found, and producing the injection molded product based on said 
finally decided molding conditions. 

20. A method of any one of claims 17 through 19, wherein said molding condi- 
tions include any one of the shape of said injection molded product, mold configura: 
tion, injection speed, material temperature, mold temperature and injection molded 
material. 

21. An injection molded product produced by any one of the method for pro- 
ducing an injection molded product of claims 17 through 20. 
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22. An apparatus for analyzing a prpcess of fluid flow 
substantially as hereinbefore described with reference to 
the drawings and/or Examples. 



23. A method for analyzing a process of fluid flow 
substantially as hereinbefore described with reference to 
the drawings and/or Examples. 

24. The steps^ features, compositions and compounds 
disclosed herein or referred to or indicated in the 
specification and/or claims of this application, 
individually or collectively, and any and all combinations 
of any two or more of said steps or features. 
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Abstract 



The present invention presents a lluid flow proatss ;uialy/..i,- apparatus an.l 
method, an injection inoUing process analyzing apparatus and m.:ih,>n. an n.joclion 
molded product and an injection molded product producmg method, m which a 
three-dimensional model divided into a plurality of small elements lo reprc-sent a 
cavity xvhere fluid flows is used for analyzing a process ofliuid flow such as mjcction 
molding process in a practical computing time. 

The fluid flow process analyzing apparatus and method of the present mvention 
comprises; coustructing a three-dimensional model divided into a plurality of small 
elements to represent a cavity where fluid flows, determinmg the flow conductance 
K as a small value when the small element concerned is located close to the cavity 
wall surface and as a large v-alue when the small element is located far away, and 
computing the pressures, pressure transitions or flow velocities at the respective 
small elements based on the flow conductances determined. 

The injection molded product producing method of the present inxention de- 
termines the injection molding conditions such as product shape, mold design and 
material selection using the fluid flow process analyzing apparatus or meinod de- 
scribed above: 



1/7 



Fig. I 
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Fig- 9 
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Fig. 7 2 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
p FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

JZf LINES OR MARKS ON ORIGINAL DOCUMENT 
^ □ R£FER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



